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An underutilized population 
According to the 2000 Biennial Report of 
the National Science Foundation's 
Committee on Equal Opportunities in 
Science and Engineering (CEOSE), "U.S. 
jobs are growing fastest in areas that 
require knowledge and skills stemming 
from a strong grasp of science, engineer-
ing, and technology." At the same time, 
the report states, "SMET workers remain 
overwhelmingly white, male, and without disabilities, and the 
available pool of talented women, minorities, and persons with 
disabilities remains significantly underutilized." 
In fact, in 1998 African Americans made up only 3.2 per-
cent of the SMET workforce, Hispanics 3 percent, and white 
females about 15.5 percent, according to the report of the 
Congressional Commission on the Advancement of Women and 
Minorities in Science, Engineering and Technology Development. 
Native Americans were 0.3 percent of the SMET workforce and 
disabled people about 6 percent. Meanwhile, the profile of the 
overall workforce continues to change: the U.S. Census Bureau 
projects that white males will account for only 26 percent of 
the American workforce by 2050, whereas Hispanic and African 
American workers will jump from about 22 percent of the work-
force today to about 38 percent. Overall, currently underrepre-
sented groups not including women, will jump from about one-
quarter of the workforce to nearly half. 
Traditionally, U.S. business and research institutions have 
made up for the lack of women, disabled, and underrepresented 
groups in SMET careers by recruiting foreign workers. However, 
as the economies of China, India, Singapore, and other devel-
oping nations grow stronger, many of those workers could be 
lured back home. As a result, the U.S. SMET workforce is likely 
to face a critical shortage of workers in the next decades that 
could threaten the country's predominance in technology devel-
opment and scientific research. 
There are other practical reasons for diversifying the SMET 
workforce and research ranks: a 1998 survey by the American 
Management Association found that a mixture of genders, eth-
nic backgrounds, and ages in senior management teams consis-
tently correlated with superior corporate performance in areas 
such as annual sales, growth revenues, market share, sharehold-
er value, net operating profit, worker productivity, and total 
assets. 
"Diversifying is not only the right thing to do from an eth-
ical standpoint, it's the smart thing from a business stand-
point," says Sherril West, vice president of the technical ser-
vices division at Caterpillar Inc. West began her career at 
Caterpillar in 1974 and was often the only woman at manage-
ment meetings in the early days. Today she champions efforts 
at Caterpillar to mentor high school and junior high school 
students, especially girls and students from minority groups, 
to encourage them to pursue careers in engineering, math, 
and science. 
According to Valerie Taylor, an associate professor of elec-
trical and computer engineering at Northwestern University and 
one of the few African American women in her field, a more 
diverse, more representative SMET workforce will result in the 
development of better technology tools that are capable of 
meeting the needs of an ever more diverse population. 
She gives the example of PDAs, most of which are designed 
to fit neatly into a man's shirt pocket. The interface on many 
PDAs is geared toward an individual who divides his life into 
separate components for work and personal business. Many 
working women, who often combine their work and family lives, 
prefer larger PDAs with larger screens that still fit nicely into a 
purse and that allow multiple persons to enter data into a 
family-oriented calendar. 
"If the research is only being done by a small segment of 
the population-that is, by white males-the results of the 
research will only be applicable to white males. You will miss 
large populations," says Taylor. "If you want products that 
appeal to the masses, you need diverse people involved in the 
design process. It makes for a much richer research environ-
ment." 
Richard Tapia, 
Rice University. 
The shortfalls of K-12 education 
Corporate executives, scientists, and 
educators may all have different 
ideas on how to diversify the SMET 
workforce, but most agree on one 
fundamental: the lack of diversity in 
SMET careers can be traced back to 
the K-12 educational system. 
U.S. Department of Education 
statistics show that students in high 
schools with high minority enroll-
ments are much more likely to be 
taught mathematics and science by a teacher who has neither a 
degree nor certification in a math or science content area. 
Overall, states the CEOSE report, schools in inner cities, high 
poverty areas, and in locales with high minority enrollments 
tend to have lower expenditures per student, fewer qualified 
teachers, less rigorous curricula, and less computer equipment 
than schools serving predominantly white students. 
"K-12 education is not doing the job that it needs to do," 
states Richard Tapia, a professor in the department of computa-
tional and applied mathematics at Rice University, a member of 
the National Science Board, and a Mexican American scientist 
known internationally for his successful efforts to recruit and 
maintain minority and female mathematics and computer sci-
ence students at Rice. Nevertheless, he adds, some underrepre-
sented minority, female, and disabled students make it through 
that system and become math, science, and engineering majors 
in college. There they face a whole new set of challenges, from 
isolation to low self-esteem to feeling they have to succeed for 
the sake of their racial or ethnic group. 
Programs for change 
Efforts to diversify the SMET workforce include both formal 
programs and informal efforts by women, African Americans, 
Hispanics, the disabled, and Native Americans in SMET pro-
grams and careers. In the mid 1990s, Charles Isbell was one 
of only four African Americans in the computer science pro-
gram at the Massachusetts Institute of Technology (MIT). He 
and his black colleagues banded together and worked to build 
a community for others who would enter the program after 
them "because that was something we didn't have, and it's 
important to have a support network." 
NCSA leads an NSF-funded effort to improve SMET educa-
tion by bringing SMET graduate students into junior and 
senior high schools to help teachers develop new and dynamic 
science curricula and to mentor young students interested in 
math and science. This Graduate Teaching Fellowships in K-12 
Education program, which also involves the University of 
Alabama campuses at Huntsville and Birmingham, has 
brought computational tools like NCSA's Biology Workbench 
and ChemViz into classrooms in Illinois and Alabama. 
The Trace Research and Development Center, an EOT-PACI 
partner at the University of Wisconsin at Madison, creates 
speech-to-text, image-to-speech, and speech-to-signing trans-
lation services for use on the Access Grid. These services allow 
hearing- and sight-impaired persons to actively participate in 
educational programs and collaborative science projects con-
ducted over the Access Grid. 
NCSA's Digital Equity Initiatives creates opportunities 
for female, African American, Hispanic, and Native American 
scientists and engineers to work with Alliance and NCSA 
teams. Led by Assistant Director Allison Clark, the program 
brings new blood to existing programs and also recruits new 
principal investigators who are women or from underrepre-
sented groups. In its first year, the initiative has recruited 
three new African American and one new female principal 
investigators. The initiative also sponsors the Visiting Scholars 
Program, which brings female and underrepresented minority 
researchers to NCSA to work with one of the center's research 
groups. 
Tapia has been developing successful minority and female 
computer science and mathematics students for years by chal-
lenging policies that often hold back these students and by 
providing mentoring and a strong support community to off-
set isolation. The more success he has, the more others begin 
to realize that some admissions and testing policies are, at 
the least, outdated. At Rice, he explains, administrators take a 
"threshold approach," meaning students must test at a specif-
ic minimum threshold to qualify for entrance. Above that 
threshold other factors are considered, such as community 
involvement, extracurricular activities, and the quality of the 
courses taken at other institutions. 
"I don't believe that tests are wrong; tests are a valid 
tool," says Tapia. "But let's look at other things too. There are 
so many other things. You lose a lot of very good students, a 
lot of future scientists, by looking only at test scores." 
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The Institute for African American E-Culture (iAAEC), led 
by Giles and supported in part by NSF, works to deepen and 
broaden the involvement of African American communities in 
creating and using information technology. Projects range 
from efforts to decrease the isolation of African American IT 
scholars to the development of new distributed learning envi-
ronments. 
The iAAEC's work aims to make sure new technologies are 
developed to serve all people. Developing inclusive electronic 
communities is part of that effort. The group establishes IT 
development zones, which join together people from different 
academic, economic, and cultural backgrounds to create infor-
mation technology together. 
The Alliance's Advanced Networking with Minority Serving 
Institutions (AN-MSI) program, funded by NSF, offers technol-
ogy training and access to new technologies to faculty and 
staff at historically Black colleges and universities, tribal col-
leges, and Hispanic-serving institutions. 
A better system, better technology 
In the long run, diversifying the SMET workforce is not only 
an effort to change the face of technology workers and 
researchers but also a push to bring systemic change and to 
create an environment in which race, gender, ethnic back-
ground, and physical abilities are not issues when choosing a 
career or college major. 
"What I'd like to see is a situation where the progress of 
underrepresented groups through the university system is no 
different than it is for other people and where advancement 
up the career ladder is natural," says Bryant York, an African 
American computer science professor at Portland State 
University. 
Tapia is more blunt. "No first-world nation can maintain 
its economic health when such a large portion of its popula-
tion is outside mainstream activity, including all technologi-
cal, scientific, and computational activity," he says. "For the 
health of the domestic science and engineering enterprise, we 
must now seriously consider the inclusion of members of 
underrepresented groups in the science and engineering work-
force." 
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De steel industry produces 750 million tons of steel every year, most of it 
through a process called continuous casting. The metal is formed and solidified in 
Large sheets, used to make a variety of everyday products Like automobiles, soup 
cans, and household appliances. 
In an industry with such diverse end-products in which safety is critical, qual-
ity control is an important issue. During the molding and solidification process, 
the intricate physics and geometry cause gas bubbles, trapped sand particles, and 
other imperfections in the steel sheets. The problems caused by such quality varia-
tions can be as harmless as surface defects, Like uneven spots in the painted hood 
of a car. They can also be more serious structural defects, such as fatigue failure 
caused by trapped particles that affect safety in products that need stability. 
Some quality variations can even cause costly industrial accidents, which may 
mean molten metal breaking through the shell of solidifying steel and halting the 
casting process. 
Due to the complexity of continuous casting and the range of imperfections 
that can occur, steel companies are researching ways to minimize problems caused 
by industrial processing. In the past, research meant gathering empirical data 
from casting experiments, possibly changing nozzle sizes or varying the amount of 
gas injected into the mold with the metal. Today, supercomputing supplements 
empirical data with numerical modeling of the process. 
Brian G. Thomas, a professor of mechanical engineering at the University of 
Illinois at Urbana-Champaign, and a team of graduate students are using NCSA's 
Origin2000 computing system to simulate the continuous casting process. They 
take new information forged from the models directly to the private sector, work-
ing with a group of steel-producing companies, called the Continuous Casting 
Consortium, to implement numerical results in real-world technology. Since its for-
mation in 1991, the consortium has provided a way for the steel companies to 
share the expenses and results of computational research and a vehicle for the 
direct transfer of computational information to industrial implementation. 
"Since forming the consortium as a cooperative research effort over a decade 
ago, we have been developing comprehensive models of continuous casting and 
using them to improve understanding, optimize the process, and solve practical 
problems for the steel industry," says Thomas. 
Pierre Dauby, a former consortium member from LTV Steel and current vice 
president of process technology at Danieli Rotelec, contends that the consortium, 
coupled with supercomputing resources, has been an effective collaboration. "In 
contrast with other academic and industrial research centers that exist in the 
United States, the Continuous Casting Consortium gathers only a small group of 
industry representatives, but all of them are truly experts in their fields. The result 
is extraordinary feedback and exchange of information and experience between 
the university and the member companies." 
Continuous casting 
In the continuous casting process, molten steel flows from a holding container, or 
Ladle, through a filter called a tundish, and into a mold. A cover over each vessel 
and a nozzle submerged in the molten pool provide protection from exposure to 
unclean air. Once in the mold, the molten steel solidifies against mold walls that 
are made of copper and cooled by water. A solid shell forms around the Liquid 
pool. The constant influx of new molten metal injected into the mold pushes out 
the cooling and solidified metal. The process forms enormous hardened steel slabs 
that are cut by a torch. A single production run with no breaks can Last several 
weeks. 
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A wide range of physical variables makes continuous casting a 
complex process. For instance, to prevent clogging, gas is injected 
into the submerged entry nozzle. The resulting bubbles create buoy-
ancy that greatly complicates the flow pattern in both the nozzle 
and the mold. In addition, impurities like sand or glass in the molten 
steel stick to the bubbles and may become entrapped in the shell as 
it cools, leading to serious surface defects in the final product. 
Another complication involves the jet of molten steel that 
leaves the nozzle, flows across the mold, and hits the solidifying 
shell where it narrows. The incredible heat of the jet can erode the 
shell in spots. At worst, this weakening may cause a breakout, where 
molten steel bursts through the cooled shell and disrupts the mold-
ing process. In a more typical situation, the jet simply complicates 
the physics further when the it hits the shell and splits to flow 
upward toward the top of the molten pool and downward toward the 
interior of the solidifying steel. The split causes a change in the liq-
uid flow above and below each jet. As steel producers increase gas 
injection rates to further prevent clogging, the flow pattern changes 
even more radically. 
On the computer and on the floor 
Because the continuous casting process is staggeringly complicated, 
no single model can account for all the physics or solve all the fluid 
flow velocity, heat transfer, and solidification problems at once. Thus, 
the team's first task was defining which underlying physical phenom-
ena are most important to the outcome of the steel slab quality. 
Using the Origin2000, they then developed several models: a detailed 
model of growth of bubbles during liquid flow, a model of gas-steel 
flow in the complex geometry of the nozzle submerged in the molten 
metal, and a model of fluid flow in the mold. The simulations provid-
ed insight about how flow-related quality problems, such as the 
entrapment of imperfections and structural cracks in the slabs, begin 
to form. 
While Thomas's team simulates the physics using supercomput-
ers, they also work with other members of the Continuous Casting 
Consortium to gather empirical data. Dauby says this allows Thomas 
and his students to understand continuous casting outside of the 
computer laboratory and to work with other consortium members 
personally. "Brian Thomas has the unique quality of mastering math-
ematical simulations and understanding the continuous casting 
process. It is not rare to see him on a caster floor with his students 
and discussing operating practices with the caster engineers. He 
loves sending his students to caster plants or caster laboratories for 
several days and having them, themselves, conduct measurements of 
all sorts." 
Some empirical models have water running through them, while 
others are real molds in operation. In one instance, the team and 
consortium members worked together to evaluate fluid flow veloci-
ties in a mold through four different methods. First, a 40 percent 
scale water model was used to show the flow of liquid. Next, Thomas 
and the students completed a set of three-dimensional computations 
that simulated the conditions of the water model. Then they com-
pleted a second set of calculations that simulated time-evolving 
details of the turbulent flow in the mold. Finally, electromagnetic 
sensors were embedded in the wall of an operating continuous cast-
ing mold. The sensors took empirical readings from the actual 
process of casting the steel. 
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The finished numerical models were then compared with the empirical data taken 
at the production plants. The comparison showed remarkable quantitative agreement 
among all four methods. Each method contributed to an overall picture of fluid flow 
velocities in the mold. However, each also had drawbacks, making it only part of the 
picture. For instance, the water model demonstrated fluid flow in the mold, but it 
Particle distributions in a 
continuous casting mold at 
three different instants 
after injection. 
was of little help in showing the effects of heat transfer and solidification in the 
mold because it lacked molten steel. The embedded sensors measured the real 
process, but they measured only average speed between a few points where the 
sensors were physically set. 
Thomas says, "The models and experiments together tell us more about what is 
happening in the real process than either can alone." The knowledge gained spurs 
improvements in design variables in the mold, such as nozzle geometry, directly 
affecting the competitiveness of the steel industry through better quality products 
and a safer and less costly casting process. 
Dick Sussman, vice president of technology at J & L Specialty Steel and a former 
collaborator, says, "Thomas is well attuned to the needs of steel companies. The work 
that he and his students perform continues to extends the science of continuous cast-
ing as well as providing specific practical solutions for consortium members. The value 
of their contributions extends across all different types of steel companies, making 
him an excellent asset to the entire steel industry." 
This research is funded by the Continuous Casting Consortium, 
the National Science Foundation, and the Illinois Board of Higher Education. 
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I magi n e Life without the internal combustion 
engine-if you possibly can. No more driving to enjoy the coun-
tryside or nights on the town; no more quick plane trips for busi-
ness or pleasure; no more steering the motorboat into the dock 
just as the sun sets. Most of us don't even think about our 
engines until they break down, but without internal combustion 
engines our lives would be dramatically different and surely less 
enjoyable. 
The price for all the engine-powered convenience is, of 
course, pollution. While the emissions from any individual car 
tend to be low, the combined impact of millions of cars in cities 
like Los Angeles can be seen, smelled, even felt. Add trucks, air-
craft, motorcycles, lawnmowers, snowmobiles, and powerboats to 
this pollution burden, and it's no wonder the air seems stale. 
One major hindrance to designing cleaner-running engines is 
that the most essential task of the internal combustion engine-
the burning of hydrocarbon fuels to release energy-is a highly 
complex and mysterious process. In an effort to understand it, 
Omar Knio, a research engineer at Johns Hopkins University, is 
using NCSA's SGI Origin2000 supercomputer to run intensive 
mathematical computations of hydrocarbon combustion. This 
basic research may ultimately enable scientists to predict the 
identities and concentrations of pollutants under various combus-
tion conditions, thereby helping engineers design cleaner engines. 
Combustion basics 
In the theoretically perfect internal combustion engine, a fuel 
composed of hydrogen and carbon atoms combines with air, 
which is a mixture of oxygen and nitrogen, to produce carbon 
dioxide and water. In theory this process occurs simply, and no 
nitrogen is involved in the reaction. But in real life, combustion 
is much messier. In most engines, hydrocarbon fuel reacts with air 
to also produce unburned hydrocarbons, nitrogen oxides, and car-
bon monoxide, in addition to carbon dioxide and water. 
Undesirable emission products generally result from poor 
fuel-air mixing and the high pressure and temperatures found in 
engines. Hydrocarbon emissions, which occur when fuel molecules 
do not burn or burn only partially, react in the presence of nitro-
gen oxides and sunlight to form ground-level ozone, a major com-
ponent of smog. Nitrogen oxides, collectively known as NOx, are 
also precursors to ozone formation and contribute to acid rain. 
Toxic carbon monoxide (CO), a product of incomplete combustion, 
is produced whenever carbon in a fuel is partially rather than fully 
oxidized into carbon dioxide (COz). And carbon dioxide-originally 
thought to be a benign and unavoidable byproduct of that theo-
retical perfect engine-is itself now known to act as a green-
house gas, contributing to global warming. 
To better understand emissions, Knio and his collaborator, 
Habib Najm of the Combustion Research Facility at Sandia 
National Laboratories, build models that can keep track of the 
hundreds of potential products of combustion. The scientists also 
account for the dynamic flow of air within an engine, as well as 
the churning interaction among vortices and flame fronts. This 
turbulence is in itself one of the most difficult problems in all of 
mathematics. 
Evolution of the flame heat 
release rate (shown with col-
ors) and the vortidty fields 
(shown with contours) for a 
stoichiometric fuel-air mix-
ture. A stoichiometric mixture 
has the right amount of air 
needed for complete burning 
of the fuel under ideal condi-
tions. Frames show the events 
at 0.2, 0.6, and 1.0 millisec-
onds. These images illustrate 
the dramatic changes in flame 
structure that occur over very 
small time intervals. 
Evolution of the flame heat 
release rate (shown with col-
ors) and vortidty fields 
(shown with contours) for a 
rich fuel-air reactants mixture. 
A rich mixture has more fuel 
than could possibly bum with 
the available air. Such a situa-
tion leads to incomplete com-
bustion and unburned hydro-
carbons in the exhaust stream. 
Frames show events at 0.2, 
0.6, and 1.0 milliseconds. Red 
indicates a high heat-release 
rate, and blue indicates a zero 
heat-release rate. Solid/dashed 
lines denote counterclock-
wise/clockwise vortidty. 
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"Turbulent combustion is probably one of the hardest 
problems that has been there for the past 10,000 years," says 
Knio. "This is how humans started, right? Before we made fire, 
there wasn't much of a human race." In fact, the problem is so 
hard that its solution will inevitably test the limits of computa-
tional resources. "The basic idea in this specific project was to 
be able to solve the most detailed models we could possibly 
afford to solve, which is why we went to supercomputers like 
those at NCSA," Knio adds. 
Bumps in the road 
Fundamental to the scientists' approach to modeling turbulent 
combustion is their reliance on differential equations, specifi-
cally a relatively new kind known as "stiff." Like all differential 
equations, stiff ones are designed to determine instantaneous 
rates of change. But stiff differential equations can keep track 
of things even when the variables of interest operate at wildly 
disparate time scales. In Knio's work, the things they're keeping 
track of are elementary combustion reactions. 
Knio offers the analogy of riding in a car that is traveling 
down a bumpy road. Imagine that you are a passenger in the 
car, and you're holding a wand that vibrates in response to the 
bumps. The bumps occur with a certain, relatively slow fre-
quency, but the wand in your hand vibrates at a related, and 
much faster, frequency. How much faster? Consider a jet flying 
over a runway parallel to a garden snail that is slowly making 
its way down the same runway. "Things moving at a supersonic 
rate can make your life very miserable if you don't account for 
them in a very smart fashion," Knio says. 
In studying turbulent combustion, "The very fast chem-
istry, in most cases, is not very interesting, because it essen-
tially describes equilibrium or near-equilibrium reactions," Knio 
says. Yet these reactions cannot be ignored, either. "These are 
things that equilibrate at such incredible speeds, you really 
don't care what the speed is, it's so fast. The phenomena you're 
interested in evolve at a much slower time scale. The difficulty 
in the context of the differential equation is that the very, very 
fast time forces you to choose very, very small integration time 
steps. In order to predict what happens tomorrow, it forces you 
to go in steps of microseconds. You would need billions of time 
steps. Because computing is very expensive, it's nearly impossi-
ble. This is the main technical barrier we've had to overcome." 
To help keep things as simple as possible, the scientists 
have chosen to model turbulent combustion with the hydrocar-
bon compound methane. ''You could probably pick a simpler 
fuel, but it's not a practical fuel," says Najm. "Methane, which 
is the natural gas that we use at home, is probably the most 
simple, practical fuel available." Even so, the scientists are 
faced with modeling the reacting flow of more than 30 elemen-
tary chemical species and 200 to 300 follow-up reactions. 
"You would think that elementary species are made up of 
fragments of the fuel, but the picture is much more complicat-
ed than that," Knio observes. "Species combine to form other 
species that may be even more complex than the one we start-
ed with!" For example, burning methane, a relatively simple 
molecule with one carbon atom, gives soot, "which is an awful 
molecule with many, many carbon atoms," says Knio. 
Interaction of a premixed methane-air flame with a counterrotating vortex pair over a one millisecond span. Given the symmetry of the flow, 
only half of the vortex-pair is shown. The flow is initialized with a gaussian vorticity field, which is altered and deformed as the vortex-pair 
evolves and interacts with the flame. The colors indicate gas temperature. Unburned reactants at room temperature are in blue, with burned 
reactants in red. The flame is located roughly in the area of the rapid color transition. The solid/dashed lines indicate local 
counterclockwise/ clockwise fluid rotation. 
Reality check 
The other vital aspect of this work, Knio says, is the careful 
comparison of computations obtained from NCSA resources with 
experimental findings from the Laboratory. 
"The hope was that all the comparisons with experiments 
would come up perfect, and we'd say fine, this is a validated, 
certified database that we can go ahead and use with sufficient 
confidence," Knio says. "The problem was, on many of those 
experimental observations we got fantastically good agreement. 
And then on some others we got disastrous agreement." 
Such pbservations have Led Knio and colleagues to consider 
developing new uncertainty tools they hope will help them 
diagnose the origin of discrepancies between theoretical and 
experimental data. "This is the next insanity we're taking on," 
Knio says. "You have hundreds of elementary reactions there and 
have rate constants that are not precisely known, and the ques-
tion is, could these rate constants be off? If so, which ones? 
We're not in a position to tell chemists to revise everything 
they've done for the Last 50 years, it's not realistic. 
So, the tool will tell us the Likely candidate behind the 
discrepancy." 
He adds, "This is the next decade maybe. To build the tools 
and get them up and running that will hopefully Lead to model 
discovery or to resolving discrepancies or to improving the fun-
damental models that we feed into the fundamental calcula-
tions." And if all goes well, someday we'LL be tooling down the 
highway, breathing fresher air. 
Correlation between computed mole 
fraction of HCO and the rate of heat 
release by the flame. The excellent cor-
relation exhibited by these computa-
tional results highlights the utility of 
HCO as a measure of flame heat release 
rate. Identification of such useful 
flame features as surrogate measures 
for heat release rate provides key infor-
mation for experimental investigations 
of reacting flow, where heat release 
rate is not directly measurable and a 
reliable surrogate is sorely needed. 
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H Q W do they do it? It's a question we ask about all our 
champions-whether it's Ali dancing about the ring or Jones 
blazing her way through the 100-meter dash. Unlike the typical 
sports fan, however, researchers watching one of the world's 
most proficient enzymes in action aren't content to sit 
awestruck on the sidelines. Instead, they're in the lab and using 
Alliance supercomputers to figure out not only that enzyme's 
mechanism, or the way it accelerates a chemical reaction, but 
also the nature of the uncatalyzed chemical reaction that the 
enzyme alters. 
The champion enzyme is orotidine 5'-monophosphate 
decarboxylase. Thankfully it's also known as ODCase. ODCase 
catalyzes orotic acid's decay into uracil, a notoriously slow 
process. 
"The half life of the reaction is about 78 million years," 
says Jeehiun Lee, an assistant professor of chemistry at Rutgers 
University. "We're talking about a geological timescale here. 
To even get that figure, Richard Wolfenden [a biochemistry 
professor at the University of North Carolina] had to heat the 
heck out of it [to increase the reaction rate without resorting 
to a catalyst] and then extrapolate to room temperature." 
ODCase speeds the transformation by a factor of 1017 • This 
rate change is extreme, to be sure, but that's not the only rea-
son researchers are interested in ODCase and the orotic-acid-to-
uracil reaction. Uracil is one of RNA's four bases, making it an 
essential piece of any living thing. 
For Lee and others in the pure research game, a fundamen-
tal understanding of the genesis of such a seminal biological 
species would be enough. But a clear picture of the process 
would be a boon for more application-oriented researchers, too. 
If Lee's team and their kindred can figure out the mechanism by 
which ODCase works, application scientists can step in. They 
might build, or at least begin to devise, inhibitors that block 
the formation of uracil when DNA synthesis goes awry. Block the 
biosynthetic process in such a case, and you're on your way to 
blocking tumor growth. 
A gold rush 
Even five years ago, very little was known about ODCase's struc-
ture, much less its mechanism. Researchers knew its chemical 
makeup. But they didn't know where individual groups of atoms 
were in relation to one another, and they didn't know what 
sorts of bonds held those atoms together. Prospecting experi-
mental chemists tinkered with capturing a snapshot of the 
structure using X-ray crystallography. Theoretical chemists, 
meanwhile, hypothesized about the enzyme's mechanism and 
devised ways of calculating telltale indicators of what that 
mechanism might be. 
In 1997 Lee and Kendall Houk touted a theory of their own 
in Science. Houk is a chemistry professor at University of 
California at Los Angeles and a long-time Alliance user. Lee 
worked as a postdoc in Houk's lab after completing her PhD at 
Harvard University in 1994. They proposed that the ODCase 
enzyme lends a proton to one of orotic acid's oxygen atoms. 
This protonation causes decarboxylation, or the loss of carbon 
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dioxide molecules from the orotic acid. The loss puts the mole-
cule in a state that's more favorable for the transition into 
uracil and thus speeds the reaction. As the change into uracil 
takes place, the proton is sloughed and returns to the enzyme. 
The new millennium brought a gold-rush mentality to the 
ODCase research community, after years in the desert instead of 
in the money. Four different teams struck pay dirt in 2000 and 
published their X-ray crystallographic structure data within the 
year. With this fresh vein of data came a variety of new theories 
on ODCase's mechanism, "some quite unusual and all rather ten-
tative," as Houk and Lee said in a 2001 article in ChemBioChem. 
The data also called into question Lee and Houk's theory, 
along with other protonation theories, because the structural 
data showed no available protons near the oxygen. There are 
ways of explaining away the lack of an unavailable proton, 
according to Lee. 
"Crystal structures are a solid-state picture, while ODCase 
in its biological environment is a dynamic structure. The solid-
state snapshot might not accurately reflect what ODCase looks 
like in its natural environment. You only need a couple of 
angstrom's movement to bring a proton into play." Another pos-
sibility may be that water molecules shuttle a proton to the 
orotic acid. 
Rather than resting on these possibilities, Lee and her 
Rutgers team are now studying the system further on the 
Alliance's Hewlett-Packard Superdome cluster at the University 
of Kentucky. In fact, they're looking at an even more basic reac-
tion, the uncatalyzed transition of orotic acid into uracil. 
Though a catalyzed reaction doesn't necessarily follow the 
same mechanism as the basic reaction, the basic reaction is 
commonly used as a model for the ODCase reaction. 
Two possible protonation path-
ways in orotic add's transition 
into uradl. Image courtesy of 
Dean Tantillo, Cornell University. 
J 
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Decarboxylation of orotic add flanking the ODCase crystal structure. 
Image courtesy of Dean Tantillo, Cornell University. 
Seeing the effects 
Lee's team is exploring the uncatalyzed reaction by Looking at 
what are known as isotope effects. An element's isotope has the 
same number of protons and electrons but a different number of 
neutrons. A reaction involving an atom and a reaction involving 
an isotope of that atom have the same chemical outcome. But, 
among other things, isotopes can impact the rate at which 
reactions occur. With this in mind, the team is calculating the 
energy required to effect the transformation into uracil and the 
rate at which that transformation takes place. They are comput-
ing these values for a variety of possible mechanisms. 
They are also determining the energies and rates of the 
mechanisms when a variety of isotopes are substituted for par-
ticular atoms in orotic acid. By comparing the rates at which a 
reaction occurs when a given atom is present and when its iso-
tope is present instead, the team can determine whether or not 
that atom is involved in the reaction's mechanism. Once they've 
compiled a catalog of isotope effects for a series of possible 
mechanisms, researchers can determine which mechanism is 
Likely taking place. 
"By Looking at a variety of different hypothetical mecha-
nisms, I can say, 'If it follows mechanism y, the isotope effect 
[for a particular element] is predicted to be x: The experimen-
talist will then be able to measure the isotope effect [for a par-
ticular element in a particular reaction] and say 'I got x, so that 
means mechanism y;" explains Lee. 
Isotope effects also give researchers the opportunity to 
confirm the quality of assumptions inherent in theoretical work, 
says Dan Singleton, a chemistry professor at Texas A&M 
University. "Calculations can be wrong in themselves because of 
flaws in the method. And calculations can be wrong because of 
theoretical decisions in using the method. Not accounting for 
the surrounding solution. Or Leaving out groups here, there, and 
everywhere to make the calculation simple enough to run. If 
your calculation corresponds to the experimental data, then you 
can presume that the method is good and that the simplifica-
tions are reasonable." 
Lee and her team work with Singleton, whose work focuses 
on deriving isotope effects experimentally, to ensure that their 
theoretical computations match the real world. To date, they 
have completed calculations for three mechanisms and the 
effects of nitrogen and carbon isotopes on those mechanisms. 
Two of the mechanisms involve protonation, and one does not. 
The typical calculation takes between 20 minutes and six hours 
on eight Superdome processors, according to Linda Phillips, a 
PhD student in Lee's group. 
Any sort of catalog for the orotic-acid-to-uracil reaction is 
far from complete. Early results, however, have shown that cur-
rently available nitrogen isotope effects cannot rule out the 
possibility of protonation, as some have claimed. Moreover, the 
results imply that further study of other nitrogen isotopes may 
allow researchers to distinguish among three of the most promi-
nent hypothesized mechanisms, according to a 2001 Journal of 
the American Chemical Sodety paper by Lee and Phillips. 
Just that sort of study, underway on Alliance supercomput-
ers, may someday show us how ODCase does its amazing cat-
alytic work. 
This research is supported by the National Science Foundation, the 
Alfred P. Sloan Foundation, American Chemical Society Petroleum 
Research Fund, and the Research Corporation. 
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Performance engineering expedition 
Deployment of Itanium-class Linux clusters and nascent, Large-scale 
grids poses new challenges for application and system software 
porting and optimization. The performance engineering expedition 
targets the causes of poor performance at the single processor, par-
allel system, and grid Level. It combines the expertise of application 
scientists and software developers to optimize, harden, and deploy 
improved applications and tools for new architectures and systems, 
and it communicates the best techniques to the wider user 
community. 
Lead 
Bill Gropp, Argonne National Laboratory 
Valerie Taylor, Northwestern University 
Partners 
Paul Bode, Princeton University 
Jack Dongarra, University of Tennessee 
Robert Fowler, Rice University 
Ken Kennedy, Rice University 
Walt Ligon, Clemson University 
Shirley Moore, University of Tennessee 
Dan Reed, NCSA and University of Illinois at Urbana-Champaign 
Faisal Saied, NCSA 
Jennifer Schopf, Argonne National Laboratory 
Mary Vernon, University of Wisconsin 
Paul Woodward, University of Minnesota 
Scientific workspaces expedition 
Emerging scientific collaborations share at least two common fea-
tures. They involve physically distributed teams, and they require 
analysis of huge amounts of data. The scientific workspaces expedi-
tion will create and deploy next-generation collaborative scientific 
visualization tools and systems for use by distributed communities. 
Through work among technology developers and users, the expedi-
tion will build on Alliance success in constructing the Access Grid, 
Large-format tiled displays, and remote, parallel visualization tools. 
Lead 
Rick Stevens, Argonne National Laboratory 
Partners 
James Ahrens, Los Alamos National Laboratory 
Glen Bresnahan, Boston University 
Thomas DeFanti, University of Illinois at Chicago 
Eric Jakobsson, NCSA and University of Illinois at Urbana-Champaign 
Jason Leigh, University of Illinois at Chicago 
Natalia Maltsev, Argonne National Laboratory 
Nagiza Samatova, Oak Ridge National Laboratory 
David Semeraro, NCSA 
Klaus Schulten, University of Illinois at Urbana-Champaign 
Andy van Dam, Brown University 
Robert Wilhelmson, NCSA and University of Illinois at 
Urbana-Champaign 
Modeling Environment for Atmospheric Discovery 
(MEAD) expedition 
Fall Access 
With the advent of grid computing, scientists can now use resources 
at many different sites in tandem to create, analyze, and visualize 
simulation suites, which build and then composite several different 
models based on different initial conditions. Conducting such 
research involves many painstaking steps, though. Hundreds of sim-
ulations must be Launched; analysis, data mining, and visualization 
codes must be managed separately; and each job must be submitted 
and cataloged individually. The Modeling Environment for 
Atmospheric Discovery (MEAD) expedition will develop a cyberinfra-
structure to combine these steps and make them easier. The expedi-
tion will focus on retrospective analysis of hurricanes and severe 
storms using the TeraGrid, integrating computation, grid workflow 
management, data management, model coupling, data analysis and 
data mining, and visualization. 
Lead 
Sara Graves, University of Alabama at Huntsville 
Robert Wilhelmson, NCSA and the University of Illinois 
at Urbana-Champaign 
Partners 
Jay Alameda, NCSA 
Kelvin Droegemeier, University of Oklahoma 
Dale Haidvogel, Rutgers University 
Parry Husbands, Lawrence Berkeley National Laboratory 
Charles Isbell, Georgia Institute of Technology 
Ken Kennedy, Rice University 
Dan Weber, University of Oklahoma 
Paul Woodward, University of Minnesota 
Bryant York, Portland State University 
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